Metal oxide ceramic is getting more attention in current times due to their unique pore structures, hydrophilic surfaces, high chemical, thermal and mechanical stabilities which offer avenues for application in water treatment. This paper presents the results of an experimental study on the effects of different ratios of clay, grog, sawdust and bone char on efficiency of ceramic composite water filters. Filter of different designs were developed from clay (50, 60, 70, 75 and 80) |%|, sawdust (15, 25, and 35) |%|, grog (5 and 15) |%| bone char and 5|%| ratios by volume and sintered at temperature of 900 ∘ C for 6 hours. The Phase and functional group identification of sintered filter investigated with x-ray diffraction and infrared spectroscopy revealed the presence of mixed phase and hydroxyl functional group on the surface of sintered filter. Field emission scanning electron microscopy (FESEM) revealed the porous nature of the microstructures of the sintered filter elements. The superior ceramic water filter design (C900-50-15-35) with total porosity 35.89±0.04|%| , flow rate 2.05±0.41|%| and the percent E coli, nitrite and fluoride removal efficiency: 99.6±0.40 |%|, 81.17±0.22|%| and 96.4±0.42|%| were obtained from this work. Porosity evaluated by BET study for C900-50-15-35 demonstrated an average pore size and surface area of 5 |nm | and 7.30|m 2 /g|, respectively.
Introduction
Lack of clean water for use by rural communities in developing countries is of great concern globally. Contam-*Corresponding Author: Enyew Amare Zereffa: Applied Chemistry Dept, School of Applied Natural Sciences, Adama Science & Technology University, Ethiopia; Email: enyewama@yahoo.com Tegene Desalegn: Applied Chemistry Dept, School of Applied Natural Sciences, Adama Science & Technology University, Ethiopia inated water causes water-borne diseases such as diarrhea, which often leads to deaths, children being the most vulnerable [1, 2] . Chemical contamination of drinking water sources is also a concern for millions of people and long-term exposure to chemical pollutants can have serious health implications. Fluorine is one of such contaminants that contaminate water [3] . Currently, many technologies such as chemical precipitation [4] , adsorption [5] , ion exchange [6] , membrane filtration [7] , electrochemistry [8] , phyto-remediation [9] and others like metal oxides and graphene have been widely employed to purify wastewater [10] . The practice of using metal oxides and ceramic membranes for purification of contaminated water is developing through inactivating gram-positive bacteria, gram-negative bacteria, spore cells [11] [12] [13] [14] [15] [16] , adsorbing heavy metals [17, 18] , and removing halogenated hydrocarbons, radio nuclides, organic compounds, fluoride and anions from contaminated water [19] [20] [21] . The clay-containing aluminum and iron oxide surfaces and chemical modified clay resulted into higher fluoride adsorption by exchange of OH − ions with F − [22] . Adsorption of fluoride by fired clay soil and fired clay soil pillared with tea leave ash was also reported [23, 24] . Low-cost clay ceramic water filter is a porous ceramic medium to filter microbes or other contaminants from water which is more easily recovered after fouling because ceramics can withstand harsh chemical and thermal cleaning methods [25] [26] [27] . Clay ceramic water filters have removed materials that affect appearance, bad tastes and further remove contaminants that can cause disease and illness from water for large-scale water [28] . The World Health Organization (WHO) encourages its use as household water treatment systems (HWTS) for effective treatment of drinking water [29, 30] .
Ceramic water filters are prepared by mixing clay with pore formers, shaped into a filter with a press, and fired in a furnace. The pore-formers leave small pores of different sizes, which can filter out the majority of harmful microbes [31] [32] [33] [34] [35] [36] [37] [38] .
Ceramic filters membrane has been attractive to the researchers in the last decade due to their superior thermal and chemical stability, better mechanical strength, and high resistance to acid and base and has good defouling properties [39] . The successful applications of ceramic fil- 
No
Filter Design Clay Grog Sawdust Bone char Sintering Temperature ( ∘ C)  1  C900-50-15-35  50  15  35  5  900  2  C900-60-15-25  60  15  25  5  900  3  C900-70-15-15  70  15  15  5  900  4  C900-70-5-25  70  5  25  5  900  5  C900-75-5-20  75  5  20  5  900  6  C900-80-5-15  80  5  15  5  900 ters for the wastewater treatment were found in the chemical industry, metal industry, textile industry, food and beverage [40] . The use of clay and fly ash as the raw material for crack-free ceramic membranes filtration showed good performance for treatment of textile wastewater and heavy metal from aqueous solutions [41, 42] . Ceramic membranes made from clays and phosphates were suggested to be used as a previous clarification step in textile water treatment [43] . In another study, simple ceramic filters manufactured from clay soil and rice can be applied to remove more than 95% of Fe through oxidation, coprecipitation, and filtration [44] . The ceramic filter surface is regenerated through periodic scrubbing to reduce surface deposits that slow down filtration rates [45] .
A clay water filter has many advantages due to its lightweight, portable, low-cost, requires no chemicals, and is simple to use; it can be produced locally, using naturally available clay and other materials. The pore size and surface charge of a ceramic water filter determine its ability to remove particles and pathogens from water [46] . The effort of this research project was to develop a clay composite ceramic water filter from locally available materials like clay, sawdust, grog and bone char for household water treatment and study the efficiency of the filter in removing microorganisms (E. coli), and chemical contaminants: fluoride, and nitrite from the water.
Methodology

Materials
First, the raw materials used for the production of the filters clay, water, grog, and burnout materials (hardwood sawdust) and bone char (charred at 400 ∘ C) were collected. Each of the basic material was subjected to various physical treatments before use for the preparation of the filters. The treatment includes sun drying, crushing and grinding of clay (with piston and mortar), and sieving to obtain fine uniform particle sizes. The Grog used for this work (fired clay without burnout materials) was prepared from fresh dried sieved clay fired at 800 ∘ C.
Processing of ceramic filters
For the preparation of different designs of the ceramic filter; sieved clay powder, grog, bone char, and combustible materials were taken in the required proportion, mixed for more than one hour in dry mixture and water was added uniformly on a dry mix according to the procedure developed [47, 48] . The blends were again mixed in wet by wedging and rolling to get a homogenous uniform mixture and the wet mixture was divided into blocks. The blocked clay mixtures were molded into frustum shape. The manufactured filter elements have a 10.0 cm top diameter, 15.0 cm height, 5.0 cm bottom diameter, and 1.10 cm wall thickness. The shaped filters were allowed to sundry for about two weeks. Once the filters were completely dried they were sintered in mu e furnace at 900 ∘ C for a period of 6 hours gradually starting from room temperature with an intermediate stay time 1hr at 500 ∘ C for combustible material removal in the initial heat treatment. Afterward, the filters were left to cool gradually until the temperature reached room temperature. Once cooled, the filters were soaked in water for 24 hours and tested for their clean water flux. The selected filters were washed with distilled water, dried in an oven, packed properly in plastic bags to protect them from any contamination and made ready for the different tests. The percentage of sawdust, clay, grog, bone chare, and sintering temperature were varied in different designs of the ceramic filter (Table 1 ).
Flow Rate
Flow rates were measured from the water source with the same turbidity as the input for the filter. Flow rate testing is an important quality assurance step which indicates the rate at which water passes through the filter element. So, all the produced filters for this work were fully immersed in distilled water and soaked for 24 hours to ensure full saturation of filters at the beginning of the test and to achieve standardized results. Once soaked, the filters were transferred onto a flow testing rack. These were designed to drain the water away and most importantly, to stop water from dripping into the filters below and thus altering the flow rate readings. Each of the filters was filled to the brim with water. Once the filter was filled to the brim, a timer was started for 1hour. The filter was filled with influent and repeatedly re-filled to the brim level for 1 hour. After an hour, the filter was removed from the rack and the flow rate of each filter was measured with a measuring cylinder.
Escherichia coli test
The water used for the bacterial test was collected from Modjo River which is contaminated with pathogenic bacteria by purposive sampling techniques [49] . Influent samples were diluted before filtering through a membrane filter. Membrane filtration was used to determine the E. coli concentration of the influent and e uent samples of the filters. Samples were filtered in triplicate through 47-mm diameter and 0.45-µm pore size cellulose ester filters of Millipore. The membranes were incubated on agar for 16-24 hours at 37 ∘ C. The log10 reduction value is used to describe the removal efficiency in case the bacteria removal approaches and changed to 100%.
Fluoride Removal Eflciency
In this work Ion-Selective Electrode (Orion Model 940 Expandable Ion Analyzer) was used to determine the fluoride removal efficiency of five filters on the synthetic water samples of sodium fluoride. In this case, a solution with 10mg/l of fluoride ion concentration was filtered through each filter media and the filtrate was then analyzed for residual fluoride concentration. Other solutions, for calibration of the fluoride selective electrode, were prepared from the stock solution by dilution with distilled water. In order to determine the extent of complex fluoride in the samples, calibration and determination were carried out by addition of TISAB. For the preparation of TISAB 500ml distilled water was placed in 1L beaker and 7g tri-sodium citrate, 56gm sodium chloride and 2gm (EDTA) were added to it and stirred to dissolve, and 57mL glacial acetic acid, 5M sodium hydroxide was added until the pH was reached 5.3 and transferred to a 1L volumetric flask and diluted with distilled water to the mark of flask. 20mL of fluoride solu-tions with different fluoride concentrations: 1mg/L, 2mg/L, 3mg/L, 4mg/L, and 5mg/L were prepared and 2mL TISAB was added to each solution for the calibration of the electrode. The potential reading of each concentration was taken and the graph of potential (E in mv) verses the logarithm of concentration (Log C in mg/L) was drawn then the slope of the graph and r 2 were calculated to check the accuracy of the measurement.
Nitrite Removal Eflciency
The removal efficiency of each filter was determined in accordance with the USEPA approved Diazotization Method [18] for reporting wastewater and drinking water analyses by filtering synthetic sodium nitrite solution of strength 10.98mg/L. The performance of each individual filter was evaluated in triplicate by comparing the concentration of nitrite before and after filtration and without any surface modification of the filters by acid. A stock solution of sodium nitrite (1000 mg/L) in deionized water was used to prepare a 50.0 mg/L working standard in a 100 ml volumetric flask. From this working solution, a series of calibration standards of 0.2 mg/L, 0.4 mg/L, 0.6 mg/L, 0.8 mg/L and 1.0 mg/L sodium nitrite in deionized water were prepared in 100 ml volumetric flasks.
A solution of p-nitro-aniline and 1-naphthol were prepared separately. Nitrite ions in the filtrates under acidic conditions underwent diazotization with p-nitro-aniline and formed a violet colored complex with 1-naphthol. The concentrations of nitrite after filtration were calculated from a calibration plot prepared from the standard sodium nitrite solutions.
Total porosity
The porosity of the ceramic filters was determined using the water absorption test (direct) method. It was a destructive method because three different masses were taken and the average porosity of these three masses the apparent porosity of a ceramic filter was determined. The samples were weighed when dry in the air then saturated in distilled water at room temperature for 24 hours. The water with the samples was then boiled for about two hours and allowed to cool to room temperature for another 24 hours. This was done to ensure that the air in the open pores of the filter samples was replaced by the distilled water. The soaked samples were weighed under distilled water then removed and the surface was wiped with tissue paper and weighed in air. The weight of the wire was subtracted from the value obtained while determining the weight of the sample suspended in water. Apparent porosity was then calculated using the expression:
Where; W-saturated is the weight of the specimen when saturated in water, W-dry, is the weight of the dry specimen and W-under water, the weight of the sample underwater. . The absence of kaolinite at high sintering temperature above 600 ∘ C due to the formation of metakaolinite from kaolinite, which is an amorphous material and, consequently, displays no XRD peaks [50] . Quartz reflections did not change significantly. A critical observation of the peaks at higher temperature revels that there is significant phase transformation occurs. The EDX analysis of sintered ceramic filter and chemical composition analysis of raw clay ( Figure 5 ) revealed that the major elements in the filter were like calcium (Ca), aluminum (Al), silicon (Si), oxygen (O), iron (Fe), carbon (C) and phosphorous (P). The presence of other elements like copper (Cu) and tin (Sn) may be due to the adsorption of other ions on the surfaces of the filter from the contaminated water during filtration. Trace toxic heavy metals like Pb, Cd, Hg, and As which could have negative impacts on human health are not fund in the sintered ceramic filter.
Results and discussion
X-Ray diffraction & energy dispersive X-Ray analysis
Porosity and flow rate
The total porosity and flow rate of the filters as a function of the percentage of clay material content is shown in Figure 3 and Table 2 . The data indicated that the porosity was inversely proportional to the percentage of clay. The porosity of the prepared filters increased with an increase in the percentage of burnout material incorporated in the compositions of the filters. This is evident from the total porosity of the filter C900-50-15-35 having the highest ratio of sawdust (35%), porosity (35.9%), and that of C900-80-5-15 with low sawdust (15%) has porosity of (17.7%). The flow rate of the filters also decreased with increasing of the % of clay for C900-50 70-5-25(2.94±0.38L/h) was may be due to the large crack formed in the filter body during sintering.
The micro-structure of ceramic filter
The Microstructures investigation of ceramic filter, C900-50-15-35 design, with FESEM confirmed the fabrication of porous ceramic filter. Figure 4 (a-b) were clearly shows the presence of small pores in the prepared ceramic filter materials, but at higher magnification (Figure 4c and 4d) , isolated & interconnected pores, the kinds of pores in porous materials that contribute to the process of filtration were observed. This property led to the assumption that these materials could be used as E. coli removal efficiencies of filters with low percentage of grog like: C900-70-5-25, C900-75-5-20 and C900-80-5-15 were might be due to the formation of more fractures during the sintering that leads to high flow rates as it is observed on FESEM images C900-75-5-20 and C900-80-5-15. 
BET analysis of sintered ceramic filter
By analyzing the adsorption isotherms of nitrogen on the mesoporous C900-50-15-35 ceramic filter surface at increasing relative pressure, the BET surface area, pore size and volume were determined. Figure 5a , shows the adsorption & desorption isotherms characteristics of C900-50-15-35 composite and classified as the Type IV isotherm in accordance to the IUPAC isotherm classification [51] . The mesoporous structure of the developed ceramic filter element makes it a potential adsorbent material. The pore size distribution ( Figure 5b ) of, C900-50-15-35 filter design, are in the ranges of 20-180 Å, with an average pore size distribution of 5nm. From the Multipoint BET analysis, in the 0.025 to 0.30 range of P/P 0 , the linear plot with correlation coefficient of 0.99 was determined, with the positive slope of 5.45.
The calculation of specific surface area, total pore volume and average pore diameter based on the Brunauer-Emmett-Teller (BET) method for few sintered filters were listed in the Table 3 and Figure 5c . It can be seen that, porosity and pore surface areas of the ceramic filter was influenced by the ratio of clay and burnout materials.
FT-IR analysis
FTIR studies of the filters help in the identification of various forms of the minerals present in the filter elements (Figure 6a and b ). In the sintered filter IR studies, the coupled vibrations are appreciable due to the availability of vari- [52] . However, a broad band at 3440 cm −1 and a band at 1633 cm −1 in the spectrum of clay suggests the possibility of water of hydration in the sample. PO 3− 4 stretching mode of vibration characterized by a strong band in the 1000 -1150 cm −1 range. The bending vibration of PO 3− 4 was observed by bands located at 553 cm −1 . The FT-IR spectra analysis also revealed the differences between the functional groups in the filter before and after filtration of the NaF solution. It was observed that the hydroxyl groups present on the filter surface were mainly involved in the sorption of fluoride. Anion exchange and electrostatic interaction were suggested as the main mechanisms involved in the sorption of fluoride on the filter. The changes in the stretching frequency of fluoride-treated filter material compared to untreated filter material confirm the chemical modification.
Conclusion
In this work, six ceramic water filters were developed from different ratios of clay, grog, and sawdust, bone char and sintered at 900ºC. The developed water filters with different designs were used for testing E. coli, nitrite and fluoride ions removal efficiencies from synthetic and contaminated water samples. The variations of the ratio of clay, grog and sawdust influenced the performance of the filters. The filter design, (C900-50-15-35), has the better E. coli removal efficiency 99.6±0.40 |%| and good flow rate 2.05±0.41 |%|. Fine-tuning the amount of grog, sawdust and grog is used to control the microstructure of the clay ceramic filter.
